In this report it will be shown that rectally administered paracetamol may be regarded as an alternative to oral administration.
INTRODUCTION
Paracetamol (acetaminophen) is a widely used non-narcotic analgesic. Oral absorption characteristics have been studied extensively in man (HEADING et al. x973) . VAN GINNEKEN (I976) concluded that biopharmaceutical factors are not very critical with respect to oral paracetamol dosage forms.
RAWLINGS et al. (I977) observed a relatively
rapid absorption after oral administration, but concluded that bioavailability was incomplete due to first pass metabolism by liver or gut wall.
In some studies, rectal absorption of paracetamol from suppositories has been evaluated following the urinary excretion pattern of the metabolites (FELDMAN !975; MO~S and JAM~ET I976; KEINANEN et al. I977) . No attempt was made to distinguish between the release of the drug from the suppository and the actual absorption process. No studies are available on direct measurement of plasma concentrations of paracetamol after rectal administration.
The present study was performed in order tO evaluate the rectal absorption rate and bioavailability of paracetamol in man from aqueous suspensions, also called micro-en' emas, by measuring plasma concentrations of paracetamol and its major metabolite paracetamol-glucuronide. To establish a possible first pass metabolism a comparison was made with an orally administered suspension. Paracetamol (Ph. Ned. wa) was used in this study. The aqueous suspensions for rectal use contained xooo mg of micronised paracetamol (< 2o/~m) in volumes of 5, ~oor 20 ml of a solution of 0.5% methylcellulose 40o cps (Ph. Ned. vI) in distilled water. The pH of the suspensions was 5,8. The micro-enema was administered using a plastic disposable syringe to which a plastic application tube was connected. The orally administered dosage form consisted tooo mg of paracetamol suspended in 50 ml of water. ,,
EXPERIMENTAL

Dosage forms
Pharmacokinetic parameters
The absorption was characterised by two parameters: the peak concentration (C~,x) and the peak concentration time (t~ax). The area under the plasma concentration time curve (AUC) from t = o to t = 6 hours was determined by the trapezoidal rule and extrapolated to infinity (AOCoZoo) by use of the equation: I AUCo-oo = AUCo-6 hours + Ct =6 • t 89 • 0.6---9-Relative bioavailability was determined using the equation:
Frel_ AUCrectal X Doseoral AUCoral DOSerectal a Part I and part 2 were published in: Int. J. Pharm. (x978) I, 323-348.
2 Laboratorium voor Farmacotherapie en Receptuur, Ant. Deusinglaan 2, Groningen, The Netherlands (reprints).
The amount of paracetamol-glucuronide in plasma was followed during 6 hours and quantified by the area under the plasma concentration time curve (AUC~m,~) from t = o to t = 6 hours.
Human experhnents
Six healthy human subjects, female and male, ranging in age from 24-30 years and in bodyweight from 60-79 kg, participated in the study. No drugs were taken for two weeks prior to or during the study. The experiments were initiated in the morning after an overnight fast and the volunteers did not take any food during the experiments. They were asked to remain in a sitting position.
No discomfort following application of any rectal dosage form was reported by the volunteers. At t = o a blank blood sample was collected and the dosage form was administered. Blood samples of Io ml were taken using Venoject tubes (Terumo Corporation) with I.O ml 3.8% sodium citrate (5 89 HzO) at 30, 6o, 90, i2o, 18o, 240 and 360 minutes after administration. Plasma was obtained by centrifugation and was frozen until the time of analysis. Unchanged paracetamol and paracetamol-glucuronide were estimated by gas chromatography as described by PRESCOTr (1971) and modified to produce a more sensitive and reproducable assay.
Determination of paracetamol in plasma
To I.O ml plasma 1.o ml N-butyryl-p-aminophenol (K & K Laboratories, Inc.) as an internal standard (15 /~g/ml in distilled water) and 8.0: ml ethylacetate (Merck) were added. After shaking (to min) and centrifugation a 6.0 ml aliquot of the organic phase was transferred to IO ml tapered stoppered tubes, together with 1o ~tl N,O-bis-(trimethylsilyl) trifluoroacetamide (Pierce), and the mixture evaporated at lOO~ to a residual volume of Io/d. Within 2 hours 0. 5 pl was injected in a gas chromatograph (Perkin Elmer FI7) fitted with a 1.8 m x 0.3 cm glass column and a flame ionisation detector. The packing material consisted of 5% SE-30 coated on Chromosorb W/AW}tMDS, 125-150 tim. The operating conditions were: injection port/detector block temperature 225~ oven temperature I8o~ nitrogen, hydrogen and air flows were 3 o, 3o and 35 ~ ml/min respectively. The retention times of paracetamol and N-butyryl-aminophenol were 2. 5 and 5 minutes respectively. The amount of paracetamoi was measured by comparing the peak height ratios.
Determination of the metabolite paracetamolglucuronide in plasma 0.5 ml fl-glucuronidase (General Diagnostics) was added to l.o ml plasma and incubated overnight at 37~ To the incubate was added Lo ml N-butyryl-p-aminophenol as an internal standard (t 5 :~g/ml in distilled water) and 8.o ml ethylacetate etc. From this point the protocol was followed as already described.
This GLc-method is accurate to concentrations of 0. 5 pg/ml. The recovery from plasma was determined for eight different concentrations and was essential complete (Table i) .
RESULTS AND DISCUSSION
Absorption rate
The mean plasma concentrations of paracetamol in six subjects after oral and recta/, administration of a dose of Iooo mg, suspended in water, are given in Figure I . Some pharmaco- Table ] a. The values of tmax and Cmax indicate that absorption proceeds significantly (P < 0.05) more rapidly after oral than after rectal administration. Two factors could explain the observed difference: a difference in pH and unequal absorption surfaces.
Assuming that absorption occurs according to the pH partition hypothesis it is demonstrated in Figure 2 that this theory is not followed quantitatively in the case of paracetamol: a pH-rise of the micro-suspension from 5.8 to 9.5 (pKa is 9.5) results in identical plasma concentrations. The pH in the gastrointestinal tract is 2-5 and in the rectum 7-8. Therefore it can safely be stated that differences in physiological pH ranges are not a critical factor with respect to the absorption of paracetamol.
The limited absorption surface in the rectum does provide a likely explanation for the observed difference in absorption rate between the oral and rectal routes of administration. To test this hypothesis subsequent experiments were carried out with rectal suspensions, containing Iooo mg of paracetamol in different volumes of medium, assuming that an increased volume of the micro-enema will lead to participation of an increased absorption surface in the absorption process. Figure 3 and Table I of administered suspension the more the plasma profile after oral administration is approached. As a consequence absorption rate after administration of the 20 ml suspension differed significantly (P < 0.05) with that after rectal administration of the 5 and io ml microenemas.
Since the rectal suspensions of IOOO mg paracetamol in 5, IO and 20 ml of medium all possess the saturation concentration (solubility in water is I in 7o) it is reasonable to suppose that differences in absorption rate are due to differences in absorption surface rather than to differences in water solubility. This is in agreement with the results presented in Figure  4 , showing that no substantial difference in absorption rate occurred when different 
Bioavailability
Rectal absorption of paracetamol seems virtually complete. The AU%_6 hours after rectal administration is about 85% of that after oral dosing. No significant (P < 0.05) difference in t 89 of the descending phase of the plasma curve was observed after both routes of administration. Also the AOC found by extrapolation to infinity was not significantly (P < 0.05) different (Table I) . Making use of pharmacokinetic data after intravenous administration of paracetamol RAWLXNGS et al. (I977) calculated that oral bioavailability of the drug was incomplete. Our data do not allow calculation of the absolute bioavailability but the similar relative bioavailability with both routes of administration may indicate that rectally administered paracetamol does not reach the general circulation without liver passage. This is in agreement with findings of others (GIBALDI and PERRIER 1974; DE BOER et al. [977; JONKMAN 1977 ) that in contrast with what was generally claimed rectal administration of drugs in man does not provide the advantage of bypassing the liver circulation.
After administration of small volumes of rectal suspensions only the lower part of the rectum may participate in the absorption process. Blood vessels of only the lower part of the rectum drain probably directly into the general circulation. In this respect it was of interest to study bioavailability of paracetamol after administration of the same doses of paracetamol in different volumes of suspension. Bioavailability after a rectal dose of iooo mg paracetamol suspended in 5 or 20 ml of water was determined relative to the oral dosage form. In addition plasma concentrations of the major metabolite paracetamol-glucuronide was measured.
The AtlC data indicate that the relative bioavailability of the 5 ml suspension was substantially less (F = o.68) than that of the 20 ml suspension (F = o.91). In addition the ratio of free paracetamol/paracetamol-glucuronide during the period defined by the experiments was significantly (P < o~o5) higher after the 5 ml dose, than in the case of the 20 ml suspensions (Table I) . However, there was no significaiat (P < 0.05) difference in the terminal t 89 of the plasma curves which suggests that with both dosage forms absorption was complete. The results indicate that liver first pass metabolism is even important after administration of low volumes of rectal suspensions.
Our experiments would suggest that hepatic first pass metabolism after rectal administration is mainly dependent upon the rate of uptake of paracetamol from the rectum. In the case of the 5 ml suspension, uptake rate of paracetamol was relatively low, probably due to the smaller absorptiofi surface involved and consequently the first pass effect was more pronounced.
RAWLINCS et aL (I977) concluded that oral first pass metabolism was dose dependent, bioavailability being 0.63 after a dose of 500 mg and 0.89 after a dose of rooo rng paracetamol. In this respect it was of interest to compare rectal doses of 500 mg and Iooo mg, both suspended in ro ml of medium.
Our results indicate that in contrast with oral dosing, bioavailability does not differ significantly (P < 0.05) after these rectal doses of paracetamol (Table 0. It is possible that dose dependent elimination could not be observed in our study because at these doses there is no essential difference in rate of uptake of paracetamol from the rectum. In the case of the Iooo mg dose the absorption process proceeds over a longer period of time, but the amount of paracetamol presented in the liver initially may not be very different when compared with the 500 mg dose.
CONCLUSIONS
Compared with oral administration rectal absorption can be equally rapid. It is important to note however that rectal absorption rate is strongly dependent upon the volume of water, in which paracetamol has been suspended. The pH of the micro-enema is not a critical factor with respect to the uptake rate of paracetamol.
Our measurements of plasma concentrations of paracetamol and its glucuronide indicate that bioavailability of paracetamol is incomplete after rectal administration, due to first pass metabolism. It can be concluded that this process is dependent upon the rate of uptake of paracetamol from the rectum. In the case of paracetamol, the generally supposed ~idvantage to bypass first liver metabolism after rectal administration, is therefore of little significance.
Dose dependency of first pass metabolism of paracetamol as reported by RAWLINGS et al.
(I977) could not be observed after rectal dosing with 500 and iooo mg of paracetamol, suspended in the same volume of medium. This is probably related to the equal rates of absorption, due to similar absorption surface involved.
From the point of view of therapeutics it can be concluded that rectally administered paracetamol can be looked upon as an alternative route of administration for routine medication. Compared with oral administration, a practically identical absorption profile can be obtained if paracetamol is administered rectally in the form of a micro-enema, using micronised paracetamol suspended in 20 ml of water. PRESCOTr, L. F. (197I) Cassia acutifolia (Alexandrian Senna) and C.angustifolia (Tinnevelly Senna) have great medicinal value because of sennosides, in leaves and pods, used as purgatives. The seasonal variation of sennoside in leaves of these species was studied from January to December I975. A decline in the sennoside content was observed in both species with the onset of flowering and fruiting. A fall in the sennoside content was also observed during the rainy season. This fall was experimentally shown to be due to the leaching effect of rain. After the rainy season the plants shed their old leaves and newly sprouted leaves contained a very high percentage of sennosides, which again declined on maturation. I949; LEMLI and CUVEELE 1965; SCHMID and ANGLINKER 1965) . Such compounds have also been reported in Rheum palmatum (ZWAVlNG 1972 ) . LOHAR et al. (1975) phytochemically analysed different Cassia species for their sennoside content and found that C. angustifolia contained the highest percentage of sennosides.
India is the largest supplier of Senna leaves and pods to the world market. The production has a value at over five million rupees annually (CUPTA 1971) . In the present study an attempt has been made to analyse the leaves from both Cassia species for their sennoside content in relation to seasonal variation.
MATERIAL AND METHODS
Certified seeds of C. angustifolia (I.C. No. 19658 ) and C. acutifolia 0.c. No. IO6777) species of Senna were obtained from DR. RAJENDRA GUPTA, IARI, New Delhi. Since the seeds possessed hard seed coats they were chemically scarified with concentrated sulphuric acid for IO minutes and subsequently washed in running water for three hours before being sown in flower beds in the university botanical garden at the end of July 1974 . The beds were watered once in three days.
The leaves at 6th, 7th and 8th nodes of the main shoot from the apex of both species, were collected during the second week of each month from January to December I975. The plant stages were recorded simultaneously.
The method of FAIRBAIRN and MICHAELS (I950), modified by the Joint Committee of the Pharmaceutical Society (I965), was used for the estimation of the sennoside content. The chemical assay of the oven dried (5o~ leaf samples was performed after removal of the free aglucones using chloroform and ethyl ether. The amount of sennosides was determined after extraction of the glycosides and hydrolysis, oxidation of the free a~glucones to anthraquinones by means of hydrogen peroxide, extraction of the anthraquinones and application of the reaction of Borritriiger, using I N sodium hydroxide solution. The determination was carried out at the wavelength of maximum absorbance (515 and 440 nm). The observations are recorded in Table I. 
